While a few studies have examined the relationship between having been breastfed and academic achievement, none have attempted to control for unobservables by exploiting within-family variation. Using data on sibling pairs drawn from the National Longitudinal Study of Adolescent Health, we estimate the effect of having been breastfed on high school graduation, high school grades, and college attendance. Our results suggest that breastfeeding is associated with substantial increases in high school grades and in the probability of college attendance. Moreover, these associations are robust to adding controls for within-family heterogeneity such as the respondent's temperament as a child and the quality of the relationship between the respondent and his or her parents. We conclude that improvements in cognitive ability and adolescent health may be important pathways through which breastfeeding affects academic achievement.
I. INTRODUCTION
Breastfeeding rates have been on the rise since the early 1990s, and a large number of states have passed legislation designed to protect the rights of mothers who breastfeed their infant children.
1 At the beginning of this decade, the U.S. Department of Health and Human Services (HHS) declared that it would like to see seventy-five percent of mothers in the United
States breastfeed their children before being discharged from the hospital. In 2005, the HHS reported that substantial progress had been made towards this goal (U.S. Department of Health and Human Services 2000 Services , 2005 .
One of the impetuses for the promotion of breastfeeding is that it reduces the incidence of childhood illnesses and chronic disease (American Academy of Pediatrics 1997), which in turn may lead to better health as an adolescent. In addition, advocates of breastfeeding claim that it yields important short-and long-run cognitive development benefits. A number of studies have, in fact, found a positive association between being breastfed and cognitive ability. 2 However, there is a growing concern that this association may be a reflection of omitted family-level variables.
Two recent, but influential, analyses have attempted to address the omitted-variables problem by using data on sibling pairs. Evenhouse and Reilly (2005) found that breastfeeding was associated with an increase in Peabody Picture Vocabulary Test (PPVT) scores. In contrast, Der et al. (2006) found no relationship between breastfeeding and Peabody Individual Achievement Test (PIAT) scores.
1 The Centers for Disease Control and Prevention (2007) and Jacknowitz (2007) provide national data on the prevalence of breastfeeding.
The potential effects of breastfeeding on cognitive development and adolescent health suggest that it may yield important educational spillovers. However, to our knowledge, no previous study has estimated the effect of having been breastfed on schooling controlling for the influence of unobservables. In the current study we draw on data from the National
Longitudinal Study of Adolescent Health to estimate the effect of breastfeeding on high school graduation, high school grades, and college attendance. Building on the work of Der et al. (2006) and Evenhouse and Reilly (2005) , we exploit sibling differences in order to account for the influence of family-level unobservables. In addition, we explore the importance of two key mechanisms through which we expect having been breastfed to affect academic achievement:
improvements in adolescent health and cognitive ability.
We find that having been breastfed is associated with substantial increases in high school grades and the probability of college attendance. These associations are robust to adding controls for within-family heterogeneity such as the respondent's temperament as a child, the quality of the respondent's relationship with his or her parents, and the degree of parental involvement in the respondent's education. Falsification tests using an alternative set of outcomes also provide evidence against the hypothesis that within-family heterogeneity is driving our results. When measures of adolescent health and cognitive ability are included as explanatory variables, the estimated effect of breastfeeding on academic achievement is attenuated. We conclude that adolescent health and cognitive ability may be important pathways through which breastfeeding affects academic achievement.
II. BACKGROUND
A number of studies have found evidence to support the hypothesis that breastfeeding a child leads to enhanced cognitive ability. For instance, Mortensen et al. (2002) found that being breastfed for more than 6 months was associated with a 6 percent increase in adult IQ.
These authors hypothesized that breast milk may be richer in nutrients that contribute to brain development than standard infant formula, but could not rule out the possibility that mothers who breastfeed, on average, provide a more stimulating home environment than those who do not.
In order to control for the influence of difficult-to-measure factors at the family level, Der et al. (2006) used data on 545 sibling pairs from the 1979 National Longitudinal Survey of Youth. They found that being breastfed was associated with only a small, statistically insignificant increase in PIAT scores. They concluded that, "while breastfeeding has many advantages for the child and mother, enhancement of the child's intelligence in unlikely to be among them" (p. 945).
The Der et al. (2006) study casts doubt on whether breastfeeding is causally related to cognitive development. However it is not the only study in this literature to exploit withinfamily variation. Evenhouse and Reilly (2005) used data on 523 sibling pairs from the National Longitudinal Study of Adolescent Health, the same data source as is used in the current study. They found that having been breastfed was associated with an increase in PPVT scores, although there was no evidence that breastfeeding impacted a variety of health measures or self-reported grades.
Aside from Evenhouse and Reilly (2005) , we know of only three other previous studies that have examined the association between breastfeeding and academic achievement (as opposed to intelligence/cognitive ability): Richards et al. (2002) , using data on individuals born in the United Kingdom in 1946, found that having been breastfed was associated with an increase in the probability of attaining an advanced degree; Victora et al. (2005) , using data on 18-year old males in Brazil, found that having been breastfed was associated with an increase in the number of years of schooling completed; and Harwood and Fergusson (1998) , using data on individuals born in Christchurch New Zealand in 1977, found that having been breastfed was associated with higher test scores in reading and math, and a lower probability of leaving high school without a degree.
Neither Richards et al. (2002) , nor Victora et al. (2005) , nor Harwood and Fergusson (1998) used sibling data, and therefore one potential explanation for the positive relationship between breastfeeding and achievement documented by these authors is that it is a reflection of family-level unobservables such as maternal intelligence or the quality of the mother-infant
interactions. An alternative explanation is that the relationship is causal in nature and is driven by the cognitive benefits of breastfeeding. In fact, Richards et al. (2002) found evidence that the effect of having been breastfed on attaining an advanced degree worked almost entirely through cognitive ability measured at the age of 15. Finally, the health benefits of breastfeeding may explain its relationship to achievement. 3 If improved health allows children to avoid missing school, or even to study harder or more efficiently, then it is possible that it explains the positive relationship between having been breastfed and academic achievement.
In the empirical analysis below we try to distinguish between the above hypotheses. In order to control for the influence of unobservables, we rely on within-family variation for identification. We also test the sensitivity of our identification strategy to within-family heterogeneity by controlling for child-specific observables and by conducting a set of falsification tests. Next, we examine the pathways through which breastfeeding might affect schooling. Because the Adolescent Health study administered a shortened version of the PPVT to its respondents, we are able to test whether having been breastfed impacts high school grades, the probability of high school graduation, and the probability of college attendance through cognitive ability. In addition, the Adolescent Health data contain extensive information on the health of respondents when most were between the ages of 12 and 18. This information allows us to examine whether adolescent health mediates the relationship between having been breastfed and academic achievement.
III. DATA AND BASIC MEASURES
The data used in this study come from the National Longitudinal Study of Adolescent Health, conducted by the Carolina Population Center at the University of North Carolina at Chapel Hill. The Adolescent Health data collection effort began with the identification of more than 26,000 schools in the United States that served 11 th graders and had an enrollment of at least 30 students. Eighty high schools were chosen from this population with unequal probability based on their size, region of the country, level of urbanization, type (public vs.
private), and racial mix. Most were then matched with a junior high or middle school from the same community, bringing the total number of participating schools to 132.
From the student rosters of these 132 schools, a core sample was randomly chosen to be administered the Adolescent Health Wave I (baseline) in-home survey, which was completed by 20,746 adolescents between April and December of 1995, and produced a nationally representative sample of students in grades 7 through 12. A follow-up survey was administered approximately one year later, and a second follow-up, the Wave III in-home survey, was administered in 2001 when respondents were between the ages of 18 and 28. Three outcome variables were constructed from the Adolescent Health data. The first is equal to 1 if the respondent had received a high school diploma by the time of the Wave III survey in 2001, and equal to 0 if he or she dropped out. The second is equal to 1 if the respondent was attending college at the time of the Wave III survey or had completed at least one year of college prior to the survey. 5 The third outcome is the respondent's cumulative high school grade point average (GPA), which was calculated using the official transcripts made available to researchers with access to the restricted-use Adolescent Health data.
Information on whether and for how long the respondent was breastfed comes from answers to the Adolescent Health parent in-home questionnaire, administered at the time of the Wave I survey. One of the respondent's parents (typically the biological mother) was asked for how long the respondent was breastfed. Possible answers were as follows:
1. less than 3 months 2. 3 months to less than 6 months 3. 6 months to less than 9 months 4. 9 months to less than 12 months 5. 12 months to less than 24 months 6. 24 months or more 7. He/She was not breastfed 8. Don't know
The top panel of Table 1 presents the proportion of respondents who were breastfed by the outcomes under study. 6 It provides evidence that breastfeeding is associated with academic success. For instance, respondents who graduated high school were more likely to have been 5 A small number of respondents (n = 12) were excluded from the analysis because they were still attending high school when the Wave III survey was administered in 2001. Inclusion of these respondents in the analysis did not qualitatively change the results presented below. Because 11.3% of the respondents were still teenagers when interviewed at Wave III, it is likely that some proportion subsequently graduated high school and went on to attend college. Restricting the sample to respondents who were at least 20 years of age at the time of the Wave III interview produced qualitatively similar estimates of the relationship between having been breastfed and achievement as those presented below.
breastfed than their counterparts who dropped out, as were respondents who were attending college at the third wave of the Adolescent Health data collection effort.
Following Evenhouse and Reilly (2005) , we created a continuous measure of how long the respondent was breastfed, Duration, based on the midpoints of the first six categories listed above (for instance, respondents in the less-than-3-months category were assigned a breastfeeding duration of 1.5 months, respondents in the 3-months-to-less-than-6-months category were assigned a breastfeeding duration of 4.5 months). The second panel of Table 1 shows the mean of Months Breastfed by the outcomes under study. The pattern of results is consistent with a standard dose-response relationship. That is, respondents with higher grades were typically breastfed longer. Similarly, those who graduated from high school were, on average, breastfed for more months than those who did not, and respondents who were attending college were breastfed for more months than respondents who were not attending college at Wave III. This same pattern of results is evident in the third panel of Table 1 , which divides respondents into three mutually exclusive categories based on whether they were breastfed for 1 to 5 months, 6 to 12 months, or 12 or more months.
IV. EMPIRICAL MODEL
We begin by testing whether the positive relationship between breastfeeding and academic achievement documented in Table 1 is robust to controls for a standard set of observables. Specifically, we estimate the following using the full Adolescent Health sample:
where A i represents the achievement of respondent i; the vector X i includes controls for family background and personal characteristics; Breastfed, which is equal to 1 if the respondent was breastfed, and equal to 0 otherwise; and ε i is a random error term. Our primary is on β 2 , which represents the relationship between having been breastfed and educational attainment, although equation (1) can easily be modified to explore the relationship between the length of time a respondent was breastfed and his or her academic achievement by replacing Breastfed with
Months Breastfed.
The regression model outlined above can generate an unbiased estimate of the effect of breastfeeding provided that the appropriate controls are included on the right-hand side.
However, in practice it is often difficult to obtain information on all of the controls that might be in the vector X i . For instance, although we can control for the highest degree received by the respondent's parent, we have no information on the mother's cognitive ability, her parenting skills, her health endowment, or the health care services she received while pregnant.
We use two approaches to address this issue. Both exploit the fact that Adolescent
Health data contain information on siblings raised in the same family. Restricting the sample to respondents whose sibling was also interviewed, we can estimate:
where the subscript j denotes the family of respondent i, ω ij is the composite error term equal to κ j + ε ij , and κ j is an unobserved family effect. Under the assumption that Cov (Breastfed ij , κ j ) = 0 and Cov (X i , κ j ) = 0, the parameters in equation (2) can be estimated consistently via a random effects model. A random effects model is preferred to a pooled OLS regression if within-family unobservables are correlated. Because ω ij is a function of κ j , ω ij will be correlated across families; in a random effects model we assume Corr (ω ij , ω sj ) = (σ 2 κ /(σ 2 κ + σ 2 ε ) for i≠s. Using estimates of σ 2 κ and σ 2 ε generated from pooled OLS regressions, a random effects estimate of β 2 can be obtained using feasible generalized least squares.
While the random effects model accounts for within-family correlation of unobservables, it will not produce an unbiased estimate of β 2 if κ j correlated with Breastfed ij .
Therefore, following Der et al. (2006) and Evanhouse and Reilly (2005), we present estimates equation (2) treating κ j as a family fixed effect:
where the vector X i includes controls for birth weight, age (at Wave III), whether the respondent had an older sibling, family size at birth, and gender. The advantage of this estimation strategy as compared to the pooled OLS or the random effects model is that only the within-family variation is used to estimate the effect of breastfeeding on achievement. All factors common to both siblings are controlled for by the vector κ j , eliminating the need to observe and measure a myriad of potentially important confounders.
While the estimation of (3) accounts for family-level unobservables, there are at least three drawbacks to this identification strategy that are worthy of note. First, it entails a substantial reduction in sample size and identifying variation. Second, estimates obtained from a sample of siblings may not be generalizable to only children. Finally, controlling for family fixed effects does not account for within-family unmeasured heterogeneity. For instance, if the quality of the mother-child relationship, the child's temperament, or the mother's health at the time of birth is correlated with both the decision to breastfeed and academic success, then the result could be a biased estimate of β 2. 7 Fortunately, the Adolescent Health data contain information that can be used to minimize the problem of unmeasured within-family heterogeneity.
Because there is strong evidence that birth weight is related to the mother's consumption of prenatal care (Liu 1999) and whether she smoked, drank, or used other substances during pregnancy (Shankaran et al. 2004) , all specifications include a continuous birth weight measure (in grams) as a control. 8 This measure should capture differences in maternal health investments across siblings. In addition, although the Adolescent Health data provide no information on the quality of the infant-mother relationship, a number of questions were asked with regard to the quality of the adolescent-mother relationship. 9 As part of a series of robustness checks performed in Section V of the paper, we use the answers to the following four questions to augment the vector of controls, X i :
1. How close do you feel to your mother? (=1 "not at all"; =2 "very little"; =3 "somewhat"; =4 "quite a bit; =5 "very much")
2.
How much do you think [your mother] cares about you? (=1 "not at all"; =2 "very little"; =3 "somewhat"; =4 "quite a bit"; =5 "very much") 3. Do you get along well with your child? (=1 "always"; =2 "often"; =3 "sometimes"; =4 "seldom"; =5 "never")
4. Do you and your child make decisions about his/her life together? (=1 "always"; =2 "often"; =3 "sometimes"; =4 "seldom"; =5 "never") 10 We also experiment with adding a set of controls intended to measure the degree to which the respondent's parents were involved in their child's education at Wave I. The controls are based on answers to the following four questions:
1. Which of the following have you done with your mother in the past 4 weeks? (a) talked about your school work or grades, (b) worked on a project for school, (c) talked about other things you're doing in school.
On a scale of 1 to 5, where 1 is low and 5 is high, how disappointed would [your mother] be if you did not graduate from high school?
3. On a scale of 1 to 5, where 1 is low and 5 is high, how disappointed would [your mother] be if you did not graduate from college?
4. If [your child] could be one of the following in high school, which would be most important to you? (a) a brilliant student, (ii) a leader in school activities, (iii) an athletic star, (iv) the most popular.
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Finally, we experiment with augmenting the vector of controls, X i , with measures of childhood temperament, which could be correlated with both being breastfed and achievement. 12 At
Wave III, respondents were asked 17 retrospective behavioral questions with regard to whether they experienced the symptoms of Attention Deficit Hyperactivity Disorder (ADHD) when they were between the ages of 5 and 12. For example, respondents are asked how often they squirmed in their seats, felt restless, fidgeted with their hands, and did not follow through on instructions. Each response was coded on a scale of 0 to 3 based on frequency (0 = never or rarely; 1 = sometimes; 2 = often; and 3 = very often), and adding up these responses produced an ADHD score of between 0 and 51, which was included in the vector X i . 13 In addition, a dichotomous measure of child temperament was constructed from answers to an item on the parent survey, "Does [your child] have a bad temper?"
V. RESULTS

Full Sample Estimates
The top panel of Table 3 presents OLS estimates of the relationship between breastfeeding and the three outcome variables. The results suggest that having been breastfed is associated with a 0.118 increase in high school GPA, or an approximately 4.6 percent increase in the GPA of the typical Adolescent Health respondent. It is also associated with a .025 increase in the probability of graduating from high school, and a .069 increase in the probability of attending college.
In the second panel of Table 3 , we replace the dichotomous measure, Breastfed, with the continuous measure, Months Breastfed, described in Section III. The results suggest that the length of time a respondent was breastfed is positively related to the three outcomes.
Specifically, an additional month of breastfeeding is associated with a 0.011 increase in high school GPA. It is also associated with a .002 increase in the probability of high school graduation, and a .006 increase in the probability of college attendance.
In the third and final panel of Table 3 we show the relationship between the three duration categories introduced in Table 1 and achievement. This specification allows breastfeeding duration to have a nonlinear effect on schooling. The omitted category is composed of respondents who were never breastfed. The results confirm that breastfeeding duration is positively related to the outcomes under study. For instance, having been breastfed for less than 6 months is associated with a .021 increase in the probability of graduating high school as compared to not having been breastfed (the omitted category); having been breastfed for 6 to months is associated with a .026 increase in this probability; and having been breastfed for 12 months or more is associated with a .038 increase in this probability.
In summary, the results in Tables 3 are consistent with much of the previous literature (Harwood and Fergusson 1998; Richards et al. 2002; Victora et al. 2005 ) and, if naively interpreted, suggest that breastfeeding leads to substantial increases in academic achievement and provide evidence of a dose-response relationship. However, if family-level unobservables are correlated with both breastfeeding and the outcomes under study, then this interpretation may be incorrect. Below we attempt to control for unmeasured family-level factors through the examination of sibling data and the introduction of random and family fixed effects.
Estimates Based on Sibling Data
The top panel of Table 4 presents random and fixed effects estimates of the impact of having been breastfed on high school grades, the probability of graduating high school, and the probability of attending college. OLS estimates are presented for the purposes of comparison, and standard errors are corrected for clustering at the family-level. Following Der et al. (2006) and Evenhouse and Reilly (2005) , the sample is restricted to siblings who received different breastfeeding treatments as infants. 14 Means of schooling outcomes for the sibling sample are presented in Appendix Table 1 .
The results in columns (1) through (3) provide strong evidence that Breastfed is associated with a substantial increase in high school GPA. The OLS estimate of β 2 for this restricted sample is 0.381, quite a bit larger than that presented in Table 3 . Treating the unmeasured family effect as random reduces this estimate to 0.340, and controlling for family fixed effects reduces this estimate to 0.286, or a 10.4 percent GPA increase for the typical respondent in the sibling sample.
Turning to the results presented in columns (4) through (9) of Panel I, there is no evidence that siblings who were breastfed enjoyed an advantage in terms of graduating from high school or attending college. The OLS, random effects, and fixed effects estimates of β 2 , although generally positive, are never significant at conventional levels.
Panels II and III of Table 4 presents OLS, random effects, and fixed effects estimates of the relationship between Months Breastfed and achievement using sibling data. Again, the sample is restricted to siblings who received different breastfeeding treatments as infants.
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The results suggest that breastfeeding duration is positively related to high school grades, or in other words, the results provide evidence of a dose-response relationship. For instance, fixed effects estimates show that an increase in breastfeeding duration of one month is associated with an increase in high school GPA of 0.017 points, or about 1 percent for the typical respondent in the sibling sample (Panel II). Similarly, having been breastfed for 1-5 months is associated with a 0.246 point increase in GPA as compared to never having been breastfed, and having been breastfed for 6-12 months is associated with a 0.401 point increase (Panel III).
The latter estimate translates to 14.6 percent increase in the GPA of the typical respondent in the sibling sample.
Although the results presented in Panels II and III of Table 4 provide little evidence that breastfeeding duration is related to the probability of graduating from high school, they show a positive relationship between Months Breastfed and the probability of attending college.
Specifically, an additional month of breastfeeding is associated with a 0.009 to a 0.014 increase in the probability of college attendance. In fact, controlling for family-level unobserved heterogeneity (column 9) produces a larger estimate than that obtained using OLS. Panel III
shows that the college attendance effect appears to be largest for respondents who were breastfed for 12 or more months, while having been breastfed for less than 6 months is not associated with a statistically significant increase in the probability of attending college. Breastfed is associated with better high school grades and an increase in the probability of attending college. Table 5 explores the extent to which these associations can be attributed to heretofore unmeasured within-family heterogeneity.
Robustness Checks
The first column of Table 5 reproduces the estimates based on sibling data originally presented in Table 4 . The second column shows what happens to these estimates when measures of the quality of the adolescent-mother relationship are added to the right-hand side of equation (3). The results provide little evidence that the quality of the adolescent-mother relationship is driving the estimated effect of breastfeeding duration on academic achievement.
In fact, when these controls are added, the estimated coefficient of Months Breastfed actually increases from 0.017 to 0.021 in the GPA equation, and from 0.014 to 0.016 in the college attendance equation.
The third column of Table 5 shows the estimated effect of breastfeeding duration after adding controls for parental involvement in the respondent's education; the fourth column shows the estimated effect after adding the respondent's ADHD score and his or her parent's answer to the question, "Does [your child] have a bad temper?"; and the fifth column shows the estimated effect after adding each set of controls from the previous columns simultaneously. Again, there is little evidence that unmeasured within-family heterogeneity can explain the association between breastfeeding duration and academic achievement documented in Table 4 . Although not shown, when the continuous measure of breastfeeding duration was replaced with the categorical measures, the same basic pattern of results was obtained.
Falsification Tests
An alternative method of exploring whether the estimates presented in Table 4 are driven by within-family unobservables is through the use of falsification tests. This requires identifying a set of outcomes that, in theory, should not be affected by breastfeeding.
Using sibling data, we examine the relationship between breastfeeding and seven outcomes measured at Wave I: an abridged version of the Rosenberg Self-Esteem Scale (RSE) 16 ; a depression indicator based on the Center for Epidemiologic Studies Depression (CES-D) Scale 17 ; an indicator of binge drinking equal to 1 if the respondent reported being "drunk or very high on alcohol" at least twice in the previous year, and equal to 0 otherwise; an indicator of whether the respondent smoked cigarettes in the past month; the number of hours of television the respondent watched per week; an indicator of sports participation equal to 1 if the respondent reported playing "an active sport, such as baseball, softball, basketball, soccer, swimming, or football" at least three times during the week prior to being interviewed, and equal to 0 otherwise; and the respondent's percentile standing in the gender-specific BMI-forage distribution. 18 A causal interpretation of the results presented in Table 4 would be called into question if the breastfeeding variables were found to be related to these seven alternative outcomes. 16 The Adolescent Health study administered six of the ten questions typically used to derive the full RSE Scale as described by Rosenberg (1965) .For instance, respondents were asked whether they had "good qualities," whether they had "a lot to be proud of," and if they liked "themselves the way they are." Responses available to respondents were: "strongly agree" (= 5), "agree" (= 4), "neither agree nor disagree" (= 3), "disagree" (= 2), or "strongly disagree" (= 1). These responses were summed to produce a score of 6 to 30, with higher scores corresponding to greater self-esteem. Other studies using the abridged RSE Scale include Nelson and GordonLarsen (2006) and Shrier et al. (2001) . 17 Originally developed by Radloff (1977) , the CES-D Scale is a widely-used measure of depressive symptomatology. The Adolescent Health study administered 18 of the 20 items that typically comprise the CES-D Scale. 17 Specifically, respondents were instructed to indicate the frequency with they had experienced certain feelings or emotions during the past week, including how often they felt "too tired to do things," how often they felt "fearful," and how often they "talked less than usual." Possible responses were "rarely or none of the time" (= 0); "some or a little of the time" (= 1); "occasionally or a moderate amount of the time" (= 2); and "most or all of the time" (= 3). Responses to the 18 items were summed to produce a score of between 0 and 54, which was adjusted to correspond to the original 20-item CES-D Scale. Following Roberts et al. (1991) and Sabia and Rees (2008) , we coded Depress equal to 1 if a male respondent scored above 22 on the CES-D Scale, and equal to 0 otherwise. For females a cut-point of 24 was employed. The CES-D Scale is often dichotomized in this fashion by psychologists and medical researchers. 18 The means of each of these outcomes is presented in Appendix Table 1 . A number of studies have found that being breastfed is associated with lower BMI. However, a recent review of the literature concluded that the effect is "small and is likely to be strongly influenced by publication bias and confounding factors" (Owen et al. 2005 (Owen et al. , p. 1298 . Nelson et al. (2005) found that cross-section estimates of the relationship between breastfeeding and the probability of obesity are biased due to family-level unobservables. Their analysis of sibling pairs suggested that there was no effect of having been breastfed on obesity. Table 6 shows the falsification test results. Without exception, the estimated effect of breastfeeding falls short of statistical significance at conventional levels. Moreover, the magnitude of the estimates is often quite small. For instance, having been breastfed is associated with a 0.574 reduction in the number of hours of television watched per week. For the typical adolescent in the sibling sample, this represents a small fraction (3.9%) of the total number of hours of television watched per week. Similarly, the estimated relationship between the length of time a respondent was breastfed and the seven alternative outcomes is never statistically significant and is often small in terms of magnitude. This pattern of results bolsters the case for interpreting the results in Table 4 as causal.
Exploring Likely Pathways
If neither between-nor within-family family unobservables can explain the estimated relationship between the length of time a respondent was breastfed and academic achievement, what can? There are at least two pathways through which, in theory, having been breastfed might impact academic success.
Column (1) of Table 7 reproduces the fixed effects estimates of the relationship between breastfeeding and high school grades originally presented in Table 4 . In column (2) we show what happens to these estimates when the PPVT score, a measure of cognitive ability, is added to X i . 19 Controlling for the PPVT score reduces, but does not eliminate, the estimated effect of breastfeeding on high school grades. For instance, the estimated coefficient of Column (5) of Table 7 reproduces the estimates of the relationship between breastfeeding and college attendance originally presented in Table 4 . In column (6) we add the PPVT score as an explanatory variable. The estimated effect of having been breastfed for an additional month on the probability of college attendance falls from 0.014 to 0.013; the estimated effect of having been breastfed for 6 to 12 months on the probability of college attendance (as compared to never breastfed) falls from 0.145 to 0.126; the estimated effect of having been breastfed for more than 12 months falls from 0.229 to 0.221.
The findings discussed above provide some evidence that cognitive ability mediates the relationship between breastfeeding and academic achievement. However, it would seem that cognitive ability, at least as measured by the PPVT score, cannot account for the entire effect of breastfeeding on achievement. One interpretation of this finding is that the PPVT score does not adequately capture IQ gains due to breastfeeding. An alternative interpretation is that there exist additional mediators through which breastfeeding impacts schooling.
One such mediator may be adolescent health. There is strong evidence in the medical literature that breastfeeding protect infants from a variety of ailments. The case for long-term health benefits is weaker, but nevertheless many medical professionals argue that breastfeeding confers lifelong immunologic protection (Jackson and Nazar 2006) . Case et al. (2005) provide evidence that childhood health is a strong predictor of educational attainment and adult socioeconomic status.
In order to test whether adolescent health mediates the effect of having been breastfed on academic achievement, we created two health indexes. The first was based on answers to 9 questions asked at Wave I about the respondent's general health; the second was based on answers to the same 9 questions asked at Wave II. For example, respondents were asked how frequently in the last 12 months they had had a stomach ache. If they answered "about once a week," "almost every day," or "every day" they were coded as suffering from stomach aches.
Similarly, respondents were asked about headaches, feeling hot, cold sweats, feeling physically weak, sore throats or coughs, frequent or painful urination, and feeling "very sick." Adding up the number of ailments reported by a respondent produced an adolescent health index ranging from 0 to 9. Respondents were also asked at the Wave I and II interviews about the number of times they were absent from school in the past school-year for a full day with an excuse ("for example, because you were sick or out of town"). Possible responses, which were dichotomized, included "never" (the omitted category), "1 or 2 times," "3 to 10 times," or "more than 10 times."
In columns (3) and (7) of Table 7 , we introduce controls for the number of excused absences from school and the adolescent health indices described above to the basic estimating 
VI. CONCLUSION
While a number of studies have found a positive relationship between breastfeeding and academic achievement, each has struggled with the issue of unobservables. If, for instance, mothers who breastfeed, on average, provide a more stimulating environment to their children, then the standard estimates in the literature may be misleading.
The current study builds on the work of Evenhouse and Reilly (2005) and Der et al. (2006) in that we also utilize sibling data to control for family-level unobservables. Fixed effects results suggest that being breastfed is associated with substantial increases in high school grades and the probability of college attendance. However, because these estimates are potentially subject to within-family heterogeneity bias, we exploit the wealth of information available in the Adolescent Health data to control for factors that previous researchers have been forced to leave unmeasured. Specifically, we are able to include measures of the quality of the adolescent-mother relationship, parental involvement in the respondent's education, and the respondent's temperament as a child. These measures are far from perfect, but tellingly their inclusion has very little impact on our estimates of the relationship between being breastfed and academic achievement. In fact, our estimates increase in magnitude with their inclusion. It is difficult to believe that more detailed measures of, for instance, the quality of the respondent's relationship as an infant with his or her mother would have the opposite effect.
The case for interpreting the fixed effects estimates of the relationship between being breastfed and academic achievement as casual is bolstered by a series of falsification tests. We can think of no reason why being breastfed should be associated with outcomes such as selfesteem, depression, drinking, smoking, the amount of television watched, sports participation or BMI except through the influence of unobservables. In fact, regressions based on sibling data provide little evidence that being breastfed is related to these outcomes, a pattern of results that suggests unmeasured within-family heterogeneity is unlikely to be an issue. If an unobservable is driving our results, it would have to be related to academic achievement, but unrelated to these alternative outcomes.
If within-family family heterogeneity does not explain the relationship between breastfeeding and academic achievement, are there potential causal mechanisms that might?
We argue that the two obvious conduits are cognitive ability and health. In fact, these factors when simultaneously entered as controls explain almost two-thirds of the estimated effect of length of time breastfed on high school grades. In contrast, they explain only about onequarter of the effect of breastfeeding on college attendance.
Although more work must be done to identify the precise mechanisms through which having been breastfed is related to academic achievement, this research confirms that the basic results of Harwood and Fergusson (1998), Richards et al. (2002) , and Victora et al. (2005) are robust to the use of sibling data as well as controls for within-family heterogeneity.
The magnitudes of the estimated effects are substantial. For instance, we find that having been breastfed leads to a 0.2 to 0.3-point increase in cumulative high school GPA, an effect that is large enough to improve an adolescent's chances of admittance to high-quality colleges and increase his or her earnings as an adult (Manski and Wise 1983; Brewer and Ehrenberg 1996; Brewer et al. 1999) . Thus, recent increases in the percentage of U.S. mothers who breastfeed can be expected to have substantial benefits in terms of the human capital acquired by the next generation. Table 2 are included in the ordinary least squares (OLS) and random effects (RE) models. Family Fixed effects (FE) models include controls for age of the respondent at Wave III, family size at the time of the respondent's birth, whether the respondent has an older sibling, birth weight of the respondent, and sex of the respondent. The sample is restricted to siblings with non-missing information on the educational outcome of interest, breastfeeding duration, and sex. In Panel I, the sample is limited to sibling pairs where one sibling is breastfed and one is not. In Panels II and III, the sample also includes siblings with different breastfeeding durations.
2 Omitted category consists of respondents who were not breastfed. *** Statistically significant at the 1% level; ** at the 5% level; * at the 10% level Notes: Sample sizes are in brackets and unique families are in braces. Standard errors corrected for clustering at the family level are in parentheses. Estimates are from unweighted OLS regressions based on data drawn from Waves I and III of the National Longitudinal Study of Adolescent Health. All models include controls for age of the respondent at Wave III, family size at the time of the respondent's birth, whether the respondent has an older sibling, birth weight of the respondent, and sex of the respondent. Model (2) adds controls for the quality of the mother-child relationship; Model (3) includes controls for parental involvement in the child's education; Model (4) adds controls for the respondent's retrospective ADHD score and parent's report of the child having a temper; and Model (5) includes all of the above controls. *** Statistically significant at the 1% level; ** at the 5% level; * at the 10% level Notes: Sample sizes are in brackets and unique families are in braces. Standard errors corrected for clustering at the family level are in parentheses. Estimates are from unweighted family fixed effects regressions based on data drawn from Waves I and III of the National Longitudinal Study of Adolescent Health. All models include controls for age of the respondent at Wave III, family size at the time of the respondent's birth, whether the respondent has an older sibling, birthweight of the respondent, and sex of the respondent. *** Statistically significant at the 1% level; ** at the 5% level; * at the 10% level Notes: Sample sizes are in brackets and unique families are in braces. Standard errors corrected for clustering at the family level are in parentheses. Estimates are from unweighted family fixed effects regressions based on data drawn from Waves I and III of the National Longitudinal Study of Adolescent Health. All models include controls for age of the respondent at Wave III, family size at the time of the respondent's birth, whether the respondent has an older sibling, birthweight of the respondent, and sex of the respondent. The sample is restricted to siblings with non-missing information on the educational outcome of interest, breastfeeding duration, and sex. In Panel I, the sample is limited to sibling pairs where one sibling is breastfed and one is not. In Panels II and III, the sample also includes siblings with different breastfeeding durations. 
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